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Stress Induced Phosphate Solubilization by Aspergillus awamori bxq33110 
Isolated from Waste Mushroom Bed of Agaricus bisporus 
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A fungal strain, capable of solubilizing insoluble phosphate under diverse temperature, pH and salt conditions 
was isolated from Waste Mushroom bed of Agaricus bisporus in South Korea. Based on 18S rRNA analysis, 
the strain was identified as Aspergillus awamori bxq33110. The strain showed maximum phosphate 
solubilization in AYG medium (525 µg mL-1) followed by NBRIP medium (515 µg mL-1). The strain 
solubilized Ca3(PO4)2 to a greater extent and rock phosphate and FePO4 to a certain extent. However AlPO4 
solubilizing ability of the strain was found to be very low. Glucose at the rate of 2% (561µg mL-1) was found 
be the best carbon source for Aspergillus awamori bxq33110 to solubilize maximum amount of phosphate. 
However, no significant difference (P ≤ 0.05) in phosphorus solubilization was found between 1% and 2% 
glucose concentrations. (NH4)2SO4 was the best nitrogen source for Aspergillus awamori bxq33110 followed 
by NH4Cl and NH4NO3. At pH 7, temperature 30℃ and 5% salt concentration (674 µg mL-1) were found to be 
the optimal conditions for insoluble phosphate solubilization. However, strain Aspergillus awamori bxq33110 
was shown to have the ability to solublize phosphate under different stress conditions at 30-40℃ temperature, 
pH 7-10 and 0-10% salt concentrations indicating it’s potential to be used as bio-inoculants in different 
environmental conditions. 
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Introduction

Phosphorus is the second most important macro-nutrient 
required by the plants and it is the key nutrient for 
sustainable agricultural production. Soluble inorganic 
phosphate applied to soil as chemical fertilizer, is rapidly 
immobilized and become unavailable to plants (Mundra 
et al., 2011). This leads to an excess application of 
phosphorus fertilizer to crop plants (Goldstein, 1986), 
and the continued and unabated use of these fertilizers 
have negative impacts on the environment.

Some microorganisms are known to be effectively 
involved in the transformation of insoluble phosphate to 
soluble forms that can be taken up by plants. This is 
achieved through various processes such as acidification, 
chelation, ion exchange reactions and production of low 
molecular weight different organic acids (Chaiharn and 

Lumyong, 2009). Therefore, the potential use of phos-
phate solubilizing microorganisms to increase crop pro-
duction through its application as bio-inoculants has 
attracted the attention of researchers. Soil inoculation 
with phosphate solubilizing microorganisms (PSMs) has 
been shown to improve solubilization of fixed soil 
phosphates and release soluble phosphorous resulting in 
higher crop yields.

The use of green houses for cultivation has dramati-
cally increased in South Korea during last three decades 
(Lee and Kim, 2006). Repeated cultivation and appli-
cation of chemical fertilizer cause soil degradation due to 
high salt and insoluble phosphate accumulation. This has 
become a great matter of concern in these areas. PSMs are 
found in the majority of the soils, but the activity is 
severely influenced by environmental factors especially 
under stress conditions. Therefore, PSMs with the genetic 
potential for increasing tolerance to high temperature, pH 
and salt concentration may be important factor in the 
establishment, multiplication and producing environmentally 
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Fig. 1. Halo zone produced by Aspergillus awamori bxq33110
on agar plates due to Phosphorus solubilization.

Fig 2. Phylogenetic tree showing the relationship between
isolated phosphate solubilizing fungi (PSF) and representa-
tives of other related taxa. 

friendly bio-inoculants. Therefore, the objective of this 
study was to isolate and characterize PSM which 
solubilizes phosphates at high salt, high pH and high 
temperature conditions. 

Materials and Methods

Isolation of strain   Fungal strain was isolated from 
waste mushroom bed of Agaricus bisporus collected 
from Chungchugnam-do province, Buyeo-Gun area in 
South Korea. Serial dilution of soil solution were spread 
on NBRIP (National Botanical Research Institute Phosphorus) 
agar plates containing 10 g glucose, 5 g Ca3(PO4)2, 5 g 
MgCl2 ‧ 6H2O, 0.25 g MgSO4 ‧ 7H2O, 0.2 g KCl, 0.1 g 
(NH4)2SO4 in 1 L distilled water (Nautiyal, 1999). The 
plates were incubated for 5 days at 30℃. Formation of 
clear halo zone around the colonies after 5 days of 
incubation indicates phosphate solubilizing ability. It was 
further purified by re-culturing on the fresh NBRIP agar 
plates. The fungal strain that exhibited large clear zone on 
the agar plates was selected as phosphorus solubilizing 
organisms for further studies (Fig. 1).

18S rRNA gene sequencing and Phylogenetic 
analysis of the isolated strain   The partial sequencing 
of 18S rRNA of the strain was done with the help of the 
DNA sequencing service (SOLGENT, Daejeon-si, South 
Korea). The online program BLAST was used to find out 
the related sequences with known taxonomic information 
available at the databank of NCBI (http://www.ncbi.nlm.
nih.gov/BLAST). A Phylogenetic tree (Fig. 2) was 
constructed using CLUSTAL X program, which involved 

sequence alignment by neighbor joining method and 
maximum parsimony using the MEGA4 program. Grouping 
of sequences was based on confidence values obtained by 
bootstrap analysis of 1,000 replicates. Gaps were edited 
in the BioEdit program and the evolutionary distances 
were calculated using the Kimura two parameter model. 

Assay of phosphorus solubilizing abilities   Phos-
phorus solubilization ability of fungal strain was assayed 
using different types of liquid media (Table 1) as 
described by Srividya et al. (2009). All the other experi-
ments were conducted in NBRIP liquid media. Sterilized 
500 mL Erlenmeyer flasks (n = 3) containing 200 mL 
NBRIP liquid medium were inoculated by transferring 10 
mm diameter mycelia disc from a fully sporulating 
culture and incubated for 7 days with continuous shaking 
at 30℃. Sterilized uninoculated medium served as a 
control. A 10 mL sample of each cultured and control 
were taken into centrifugation tube and centrifuged in 
each day for 15 min at 8,000 rpm. The clear supernatant 
was used as determine phosphorous release into the 
medium using the phospho-molybdate blue color method 
(Murphy and Riley, 1962). The pH of the culture medium 
was also recorded with the pH meter equipped with glass 
electrode. 

The Ca3(PO4)2 solubilization assay performed as 
described above and AlPO4 and FePO4 solubilization was 
assayed by adding 4 g L-1 AlPO4 or 6 g L-1 FePO4 ‧ 2H2O 
instead of Ca3(PO4)2 in NBRIP medium. Rock phosphate 
solubilization ability was assayed using rock phosphate 
having P2O5 content 28% instead of Ca3(PO4)2 in NBRIP 
medium. These amounts are equal to phosphorus as in the 
standard NBRIP medium.

Phosphate solubilizing ability of fungal strain was 
tested under different carbon and nitrogen sources. The 
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Table 1. Composition of different media used for assay phosphate solubilization.

Components M1† M2 M3 M4 M5 M6

                -------------------------------------------------------------------- g L-1 ----------------------------------------------------------
Glucose 10 20 10 100 10 10
(NH4)2SO4 0.5 1 - - 0.5 0.1
MgSO4.7H2O 0.1 0.5 0.4 0.2 0.1 0.25
Yeast extract 0.5 0.2 0.5 - - -
KCl 0.2 - - - 0.2 0.2
NaCl 0.2 - 1 - 0.2 -
FeCl3 - Trace - - - -
FeSO4.7H2O 0.002 - - - 0.002 -
MnSO4.H2O 0.002 Trace - - 0.002 -
MgCl2.6H2O - - - - - 5
CaCl2 - - 0.2 - - -
NH4NO3 - - 1.5 0.5 - -
ZnSO4 - - - 0.004 - -
Ca3(PO4)5 5 5 5 5 5 5
pH 7 6.8 7 5 7 7
†M1, (PVK; Pikovskaya, 1948); M2, (AYG; Halder et al., 1991); M3, (Kim et al., 1997); M4, (Vassilev et al., 1998); 
M5, (NBRIY; Nautiyal, 1999); M6, (NBRIP; Nautiyal, 1999).

effect of carbon source on phosphate solubilization was 
tested by adding sucrose, mannitol and lactose instead of 
glucose in the NBRIP medium. To test the effect of the 
nitrogen source, (NH4)2SO4 in the NBRIP medium was 
replaced by NH4NO3, KNO3, NaNO3 and NH4Cl.

Estimation of stress induced phosphate solubilizing 
capacity   Stress tolerance phosphate solubilizing capacity 
of strain was assayed using a high pH, high temperature 
and high salt concentration medium. The effect of salt on 
phosphate solubilization was tested by growing the strain 
on NBRIP containing various amounts of NaCl (0%, 
2.5%, 5% and 10%) concentrations. Further, to check the 
effect of pH on phosphate solubilization was tested by 
adjusting the pH of NBRIP medium using HCl or NaOH 
to different pH levels (7-10). For estimation of high 
temperature induced phosphate solubilization NBRIP 
medium inoculated strain was incubated at different 
temperature conditions (30-60℃). In all cases, phosphate 
solubilization and pH of the culture medium were 
measured described earlier. 

Results and Discussion

Isolation and Identification of insoluble phosphate 
solubilizing fungal strain   A fungal strain, which was 

named Aspergillus awamori bxq33110, had a marked 
insoluble phosphate solubilizing ability as visualized by 
the clear zone developed around the mycelium after 5 day 
incubation at 30℃ (Fig. 1). It was seen that halo zone 
increased with increase in colony diameter. Solubilization 
Index (colony diameter + halo zone diameter/ colony 
diameter) was found to be reached to the peak at 2 days 
after inoculation (2.67) followed by gradual reduction

Assay of phosphorus solubilizing abilities   For 
the assay of phosphate solubilization ability in liquid 
medium, researchers have used different medium with 
different composition. As depicted in Fig. 3, phosphate 
solubilization was varied according to the medium. 
Medium 2 (AYG; Halder et al., 1991) and medium 6 
(NBRIP; Nautiyal, 1999) showed the maximum phosphate 
solubilization (525 and 515 µg mL-1 filtrate, respectively) 
with the pH drop from 6.80 to 3.86 and from 7.00 to 3.95 
respectively after 2 days incubation. However, there was 
no significant difference (P ≤ 0.05) in phosphorus solubili-
zation between AYG and NBRIP medium. Considering 
amount of glucose and other chemical composition in the 
medium, NBRIP proved to be most cost effective without 
much compromising the phosphate solubilization. 
Therefore all other studies were done using NBRIP as 
medium. Phosphate solubilization ability (52 µg mL-1 
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Fig. 3. Effect of different media on insoluble phosphate 
solubilization by Aspergillus awamori bxq33110. Values are 
mean ± SD of three replicates. 
M1 (PVK; Pikovskaya, 1948), M2 (AYG; Halder et al., 
1991), M3 (Kim et al., 1997), M4 (Vassilev et al., 
1998), M5 (NBRIY; Nautiyal, 1999), M6 (NBRIP; 
Nautiyal, 1999).

Fig. 4. Insoluble phosphate solubilization by Aspergillus 
awamori bxq33110 in NBRIP medium. Values are mean ±
SD of three replicates.

Fig. 5. Different insoluble phosphate solubilizing ability by 
Aspergillus awamori bxq33110. Values are mean ± SD of 
three replicates. 

filtrate) and pH reduction (from 7.00 to 5.17) was very 
low with medium M3 in Table 1 (Kim et al., 1997).

After confirming the medium, insoluble phosphate 
solubilizing ability of Aspergillus awamori bxq33110 
was assayed in NBRIP liquid medium and soluble 
phosphorus content and pH were measured daily up to 
one week (Fig. 4). The level of soluble phosphorus in the 
culture filtrate increased significantly (674 µg mL-1) and 
remained high for several days. However subsequently a 
significant drop in soluble phosphorus level was observed 
on later days when incubation period progressed. There 
was no significant change in the content of soluble 
phosphorus under the control, which only resulted in a 
negligible slightly increase throughout the incubation 
period. Fungal strain lowered the pH of the NBRIP 
medium as compared with the control where it remained 
constant. This was seen as rapid decrease during the 

initial stages of incubation (first 2 days) followed by 
slower decrease. The initial pH of the NBRIP medium 
was 7.00 and pH drop by phosphorus solubilizing fungal 
isolate to 2.15 after one week. This inverse relationship 
between pH and soluble phosphorus concentration 
suggested that acidification of the medium could 
facilitate the inorganic phosphorus solubilization. 

To investigate the different insoluble phosphate sources 
like Ca3(PO4)2, AlPO4, FePO4 and rock phosphate (RP) 
solubilizing capacity of strain Aspergillus awamori 
bxq33110 was assayed and results are shown in Fig. 5. As 
shown in Fig. 5, the strain solubilize Ca3(PO4)2 to a 
greater extent followed by RP and FePO4. However, 
Aspergillus awamori bxq33110 was not effective in 
solubilizing AlPO4. The low solubilizing ability of 
AlPO4, FePO4 and RP when compared with Ca3(PO4)2 
probably due to the adaptive nature of the enzyme that is 
responsible for solubilizing Ca3(PO4)2 (Banik and Dey, 
1982). However, few of the other studies showed the 
ability of fungi to solubilize Fe or Al phosphates. Penicillum 
rugulosum was more efficient for solubilizing AlPO4 and 
FePO4 than hydroxyapatite (Reyes et al., 1999). 

 
Effect of carbon and nitrogen sources on phosphate 

solubilization   The phosphate solubilizing activity is 
determined by the microbial ability to produce and 
release organic acids (Chen et al., 2006). Production of 
organic acids was greatly affected by nature of carbon 
sources and the nature of organic acid is more important 
than the quantity of organic acid (Srividya et al., 2009). 
Therefore, carbon source is one of the most important 
factors in inorganic phosphate solubilization. As shown 
in Fig. 6a Aspergillus awamori bxq33110 could solubilize 
insoluble phosphate with all the tested carbon sources in 
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Fig 6. (a) Effect of different carbon sources on phosphate 
solubilization (b) Effect of different glucose concentrations 
on phosphate solubilization by Aspergillus awamori bxq33110. 
Values are mean ± SD of three replicates. 

Fig. 7. Effect of different nitrogen sources on phosphate 
solubilization. 
Values are mean ± SD of three replicates.

diverse levels. Among them glucose was identified as the 
best carbon source and mannitol was identified as poor 
carbon source (672 and 212 µg mL-1 soluble P after 1 
week of incubation respectively) for the insoluble phosphate 
solubilization by Aspergillus awamori bxq33110. In all 
cases, insoluble phosphate solubilization was accompanied 
by a distinct pH decrease. The highest pH reduction was 
recorded by glucose (from 7.00 to 2.15) followed by other 
carbon sources indicating that Aspergillus awamori 
bxq33110 growth did not support phosphate solubili-
zation effectively. This shows that production of organic 
acid related to phosphate solubilization rather than 
organism growth (Hadler et al., 1991). Corresponding to 
this result, it has been reported that glucose is the best 
carbon source for phosphate solubilization in fungal 
strains of Aspergillus niger strain BHUAS01 (Yadav et 
al., 2011a), A. niger strain F7 (Srividya et al., 2009), A. 
tubingensis (Relwani et al., 2008) and Penicillium sp. 
(Saber et al., 2009). 

To determine the effect of glucose concentration on the 
insoluble phosphate solubilization, various concentrations 
ranging from 0.5% to 5% were added to the medium. As 

depicted in Fig. 6b, phosphate solubilization was enhanced 
with increasing amounts of glucose up to 2%, but started 
to decrease when it was above 2% of glucose. This 
finding was evident from the effect of different media on 
phosphate solubilization (Fig. 3). AYG medium (Halder 
et al., 1991) showed maximum phosphate solubilization 
and it happened to contain glucose concentration at 2%. 
Nautiyal (2000) has been reported same results with 
Pseudomonas sp.2 that higher phosphate solubilization at 
2% glucose. However, in contrary to this finding, it has 
been reported that phosphate solubilization by Pantoea 
agglomerans R-42 was higher at 3% glucose (Son et al., 
2006). 

Inorganic nitrogen sources having ammonium (NH4
+) 

or nitrate (NO3
-) or both groups were used as nitrogen 

sources to assess the effect of nitrogen source on 
phosphate solubilization. As shown in Fig. 7, all the 
nitrogen sources increased the level of phosphate 
solubilization. Among them, (NH4)2SO4 was the best 
nitrogen source followed by NH4Cl and NH4NO3. This is 
an agreement with results reported by Scervino et al. 
(2011) observed that highest phosphate solubilization by 
Penicillium purpurogenum in the presence of (NH4)2SO4 
as sole nitrogen source. This finding was also evident 
from the effect of different media on phosphate solubili-
zation (Fig. 3). AYG medium (Halder et al., 1991) 
showed maximum phosphate solubilization having 
highest amount of nitrogen (1%) as (NH4)2SO4. This 
suggests that existence of NH4

+/H+ exchange mechanism 
acidifying the medium and increased the phosphate 
solubilization (Roos and Luckener, 1994) in the presence 
of NH4

+ source. It has been reported that phosphate 
solubilization could accelerate production of inorganic 
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Table 2. Effect of high pH, temperature and salt concentration on phosphate solubilization by Aspergillus awamori 
bxq33110. Values are mean ± SD of three replicates. 

Soluble P Final pH 
Initial pH µg mL-1  

7 674 ± 11 2.15 ± 0.08
8 637 ± 09 2.81 ± 0.05
9 620 ± 12 3.12 ± 0.08
10 588 ± 18 3.28 ± 0.11

Temperature (℃)   
30 674 ± 18 2.15 ± 0.11
35 583 ± 16 2.92 ± 0.09
40 573 ± 15 3.78 ± 0.06 

Salt concentration (%)    
0 674 ± 11 2.15 ± 0.12

2.5 685 ± 13 2.51 ± 0.15 
5 737 ± 18 2.21 ± 0.09
10 553 ± 14 4.18 ± 0.07

acids by proton exchange mechanism in the presence of 
ammonium ion (Ahuja et al., 2007). 

Effect of high pH, high salinity and high temper-
ature on phosphate solubilization   The influence of 
high initial pH on the phosphate solubilization was 
assessed in the range of pH 7 to 10. As depicted in Table 2, 
the highest phosphate solubilization was recorded at pH 7 
(674 µg mL-1) and followed pH 8 and 9 (628 and 618 µg 
mL-1 respectively). But there was no significant difference 
(P ≤ 0.05) in phosphate solubilization at pH 7-9. 
However, pH increased up to 10 resulted in a slight 
decrease in soluble phosphorus production. Fungi were 
naturally grown better under acidic than alkaline pH 
conditions and phosphate solubilization is associated 
with production of organic acids. Therefore, alkaline 
medium will tend to impair this process by neutralization 
of acidity (Yadav et al., 2011b). This result indicated that 
Aspergillus awamori bxq33110 is an alkali-tolerant fungi 
which can be applied to the alkaline soil. The strain 
Aspergillus awamori bxq33110 showed maximum 
phosphate solubilization at 30℃ (674 µg mL-1). There 
was a slight decrease in soluble phosphorus release when 
temperature increased up to 40℃ (91 µg mL-1). However 
the results showed that the Aspergillus awamori bxq33110 
could function as a phosphate solubilizer even at high 
temperature though slight decrease. 

Effects of varying salt concentrations from 0 to 10% on 
phosphate solubilization and pH change in liquid medium 

are presented in Table 2. Results showed that soluble 
phosphorus production was maintained with increasing 
amounts of NaCl up to 5%. However, the most interesting 
thing is that strain Aspergillus awamori bxq33110 could 
still produce 557 µg mL-1 soluble phosphorus at 10% of 
NaCl after 7 days of incubation. Kang et al. (2002) 
reported the increase phosphate solubilization in the 
presence of 1% NaCl and Rosado et al. (1998) reported 
phosphate solubilization in the presence of 10% NaCl. 
However, it decreased with the increase of NaCl 
concentration. Therefore, the strain Aspergillus awamori 
bxq33110, can be a great benefit in maintaining phosphorus 
level in saline alkaline soil where as other microbes 
showed reduced or loss phosphate solubilizing capacity 
in such soils (Gyaneshwar et al., 1998). 

Conclusion

Establishment and performance of phosphate solubilizing 
microorganisms are highly influenced by environmental 
factors such as pH, temperature and salt etc, it is essential 
to isolate strains which can survive, multiply and spread 
under these conditions. This study clearly indicates that 
Aspergillus awamori bxq33110 is a potent alkalotolerant 
fungus which retains its phosphate solubilizing capacity 
over wide range of high pH, high temperature and high 
salt concentrations. Therefore this strain can grow well in 
elevated pH, temperature and salt concentrations, thus 
efficient for the development of microbial inoculants 
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under stress conditions. However, a field based trial 
should be necessary to understand its behavior under field 
conditions.
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